By using event-related brain potentials (ERPs), the current study tested a hypothesis that high self-esteem increases spontaneous attention to positive information and influences negativity bias, defined as greater attention to negative information than positive information. Participants were asked to judge the pleasantness of positive and negative trait words infrequently presented in a sequence of neutral words. Compared to positive trait words, negative trait words elicited larger N2 amplitudes, thought to be elicited by a mismatch between the expectation and stimuli presented; this tendency was more extreme in individuals with a mindset associated with positive feelings and thinking, as measured by self-esteem, self-relatedness to positive trait words, and frequency of positive emotions in daily life. In contrast, no differences were found between the emotional words at the P3 amplitude, due to the set of stimuli being manipulated so that the emotional words were similar in arousal.
There is a growing consensus in the literature that self-esteem and subjective happiness are strongly interrelated. Self-esteem is generally defined by how much people value themselves. People with higher self-esteem feel happier than those with lower self-esteem (Baumeister, Campbell, Krueger, & Vohs, 2003; Diener & Diener, 1995) . Likewise, there is some evidence suggesting that self-esteem functions as a buffer against stress. Compared to people with lower self-esteem, those with higher self-esteem suffer fewer feelings of distress and cope well when they perceive discrimination against themselves (Corning, 2002) . Indeed, compared to people with lower self-esteem, those with higher self-esteem are more likely to pay spontaneous attention to positive information when exposed to exclusion-relevant stimuli or when asked to visualize a demanding and criticizing relationship partner (DeWall et al., 2011) . Given that perception of one's positive feelings can contribute to mental health (Taylor & Brown, 1988) , people with higher self-esteem are more likely than those with lower self-esteem to maintain mental well-being and happiness by attending to positive information and generating happy thoughts, even when they experience negative events.
Self-esteem is also associated with the extent to which people feel that they are accepted or excluded. Sociometer theory suggests that high self-esteem is related to feelings of acceptance, whereas low self-esteem is related to feelings of exclusion (Leary, Tambor, Terdal, & Downs, 1995) . If the difference in feelings of acceptance or exclusion between people with high and low self-esteem is reflected in one's attentional strategy in daily life, then people with higher self-esteem may have more positive feelings and pay more spontaneous attention to positive information in general, as compared to people with lower self-esteem. This study sought to demonstrate the effects of self-esteem on attentional bias in emotional processing by measuring physiological activity.
Past studies on attentional bias in emotional processing have demonstrated that people show a tendency to attend spontaneously to negative information rather than to positive information, called the negativity bias (e.g., Hansen & Hansen, 1988; Pratto & John, 1991) . Moreover, by using event-related brain potentials (ERPs), it has been found that the negativity bias appears at the evaluative categorization stage of information processing, approximately 500 milliseconds after the stimulus onset (e.g., Ito, Larsen, Smith, & Cacioppo, 1998) .
Although attentional bias toward negative information is common, previous ERP studies have shown that motivational factors can suppress attention to negative information. For example, Kisley, Wood, and Burrows (2007) found a linear decrease in the amplitude of P3 (or late positive potentials) in responding to negative stimuli with advancing age, reflecting motivational changes to optimize social and emotional goals resulting in an increased attention to positive stimuli compared to negative stimuli among older adults (Carstensen & Mikels, 2005) . This suggests that motivation toward enhancing positive information inhibits spontaneous attention to negative information.
To date, there has been no ERP study that examines the relationship between selfesteem and attentional bias toward negative information in young adults. Self-esteem has a strong relationship with happiness (Baumeister et al., 2003) and operates as a buffer against stress (Corning, 2002) . People with high self-esteem attend to more positive information than do those with low self-esteem in response to negative experiences suffered thus reflecting the coping function of self-esteem (DeWall et al., 2011) . Given that the sociometer theory proposes that self-esteem is a signal showing the extent to which an individual is socially accepted or excluded (Leary et al., 1995) , differences in self-esteem may result in differences in how people generally process emotional information. Thus, we reasoned that, although an individual may be generally more attentive to negative information as compared with positive information, this negativity bias might be influenced by the individual's self-esteem.
Moreover, because high self-esteem is thought to be connected to one's belief in possessing desirable attributes (Baumeister et al., 2003) , the current study also examined the extent to which participants related the presented positive trait words to themselves. Individuals with higher self-esteem should be more likely than those with lower selfesteem to report higher levels of self-relatedness for positive trait words. People's attention to negative information might also be influenced by their self-relatedness to positive traits.
Past ERP studies using an oddball paradigm have suggested that P3 (or late positive potentials), which manifests from approximately 300 to 900 milliseconds after the stimulus onset, is an index of increased attention to negative stimuli over positive stimuli (e.g., Ito et al., 1998; Kisley et al., 2007) . Given this finding, the amplitude of P3 in response to negative information, compared with positive information, might decrease as one's self-esteem and self-relatedness to positive traits increase. On the other hand, unpleasant high-arousal pictures elicit larger P3 (or late positive potentials) than do unpleasant low-arousal pictures. The same arousal effect appears for pleasant pictures (Cuthbert, Schupp, Bradley, Birbaumer, & Lang, 2000; . This suggests that the arousal level is a major factor in eliciting larger P3 (or late positive potentials) and that the attentional bias toward negative information may be due to the higher arousal level of the negative stimuli. Thus, there may be no difference in the amplitude of P3 in response to negative and positive stimuli when those stimuli are equated for subjective ratings of arousal. To separate arousal effects from valence effects, we examined the relationship between self-esteem and attention to emotional stimuli by developing a set of stimuli such that positive and negative traits were similar in ratings of arousal.
Moreover, self-esteem may influence not only the extent to which negativity bias is dampened, but also the extent to which inconsistency is perceived between the emotional stimulus presented and people's generally positive feelings and beliefs in possessing desirable attributes connected to self-esteem. The current study also examined this possibility by measuring N2, thought to be elicited by a mismatch between one's expectation and the stimuli presented (Folstein & Van Petten, 2008) . We hypothesized that people with higher self-esteem and self-relatedness to positive traits are more likely to detect an inconsistency between their generally positive feelings and beliefs in their possession of desirable attributes and the negative information presented, compared with when positive information was presented. Larger N2 amplitude in response to negative compared with positive information might thus be elicited as one's self-esteem and selfrelatedness to positive traits increase.
METHOD

Participants and Procedure
Twenty Japanese undergraduates (10 females and 10 males) aged 21 to 24 years participated in the experiment. They were tested individually. They had normal or corrected-to-normal visual acuity and normal color vision.
Participants were seated in front of a display, after the placement of electrodes (see below), with the distance from the participants' eyes to the display being approximately 100 cm. Participants were told that they would be shown a number of words, and that their task was to distinguish positive and negative words from neutral words and judge the pleasantness of each word. They were asked to press the left button for a positive word and the right button for a negative word, as quickly and accurately as possible. They were instructed to ignore neutral words. For each trial, a stimulus word was presented for 150 ms; there was a 1500 ms interval between trials.
Neutral, positive, and negative words were presented with a probability of .80, .10, and .10, respectively. Thus, neutral stimuli served as the standard stimuli in the experiment. Fifty words for each of the three levels of pleasantness were used (see the Materials subsection below for details). Participants underwent 500 trials, wherein each of these 50 positive and 50 negative words appeared once. The order of the experimental trials was randomized for each participant. After completing the judgment task, participants were asked to indicate through a 7-point Likert-type scale the extent to which they agreed (1 = "strongly disagree" to 7 = "strongly agree") with each of the 10 items on the Rosenberg self-esteem scale (Rosenberg, 1965) . The items had reasonable reliability (α = .88). Participants were then asked to report how frequently they experienced each of 10 positive emotions (a feeling of being relaxed, calmness, close feelings, elation, feelings of superiority, friendly feelings, happiness, pride, respect, and self-esteem) and 10 negative emotions (anger, boredom, depression, disgust, feelings of indebtedness, frustration, guilt, shame, sulky feelings, and unhappiness), on a 6-point rating scale, ranging from never (1) to always (6). Finally, participants were presented with the same set of 50 positive and 50 negative words in the judgment task and were asked to rate the extent to which they thought each word related to themselves (0 = "not at all" to 6 = "very much related"). The mean score of self-relatedness to positive trait words was computed for each participant and used in the subsequent analyses.
Materials
We first translated 555 personality trait words (Anderson, 1968) into Japanese. These Japanese words were presented to a separate group of 31 Japanese undergraduate participants. About half of these participants (n = 15) judged how much they would like a person who was described by each word (0 = "least favorable" to 6 = "most favorable"). The other participants judged how clearly they could understand the meaning of each word (0 = "not at all" to 4 = "very clearly"). We then chose 50 positive and 50 negative words that were significantly different in terms of its degree of pleasantness (Ms = 4.85 vs. 1.41, p < .0001). Regardless of pleasantness, the meanings of these words were clear (positive words, M = 3.63; negative words, M = 3.58) and almost identical in terms of the numbers of letters in the words (positive words, M = 5.50; negative words, M = 5.48). In addition, a different group of 32 Japanese undergraduates were shown these 50 positive and 50 negative words and were asked to rate the arousal level of each word (0 = "not arousing" to 7 = "very arousing"). There was no significant difference in arousal between the positive (M = 3.42) and negative (M = 3.57) words, F < 1, p > .50. We also prepared 50 neutral plant-related words as the standard stimuli.
Recording and Analyses
Electroencephalographic (EEG) activity was recorded with an electrode cap using Ag/AgCl electrodes from 32 electrode sites, namely Fp1, Fp2, F7, F3, Fz, F4, F8, FT7, FC3, FCz, FC4, FT8, T7, C3, Cz, C4, T8, TP7, CP3, CPz, CP4, TP8, P7, P3, Pz, P4, P8, O1, Oz, O2, A1, and A2, according to the modified international 10-20 system (American Clinical Neurophysiology Society, 2006). Voltage change caused by eye movements and blinks was monitored with EEG recordings from forehead sites (Fp1 and Fp2). All recordings were referenced to the nose tip, and electrode impedances were maintained at <10 kΩ. The EEG signals were amplified with a bandpass of 0.05 to 100 Hz and digitized at 500 Hz.
In the off-line analysis of EEG recordings, the data was digitally low-pass filtered at 30 Hz (6 dB/ octave) with a finite impulse response analog simulation filter. Epochs of 900 ms were averaged, beginning at 100 ms before the stimulus onset. The mean amplitude of the 100-ms period before the stimulus was used as the baseline. Trials with an error or those where the EEG signal variation exceeded ±100 μV were discarded automatically.
RESULTS
Self-Reported Measurements
We calculated each participant's mean score on the Rosenberg self-esteem scale, the daily frequency of positive and negative emotions, and self-relatedness to positive trait words. Mean ratings of these self-reported measurements and their correlations are shown in Table 1 . Self-esteem was highly correlated with positive emotions (r = .87, p < .01), negative emotions (r = -.55, p < .05), and self-relatedness to positive trait words (r = .74, p < .01). These results indicate that as compared to people with lower self-esteem, those with higher self-esteem experience positive emotions more frequently and negative emotions less frequently in daily life and link more highly to positive trait words. We conducted a principal-components factor analysis and found one factor that explained 79.4% of the valence. This suggests that there is coherence in these self-reported measurements.
Behavioral Data
Response times (ms) for correct responses were averaged for each participant and submitted for the analysis of variance (ANOVA). Although the response time was slower when the word's meaning was negative than when it was positive (Ms = 792.09 vs. 779.56), the difference was not significant, F(1, 19) = 2.19, p = .15. None of the selfreported measurements correlated significantly with response times for negative and positive words (-.17 < rs < .09). Fig. 1 shows the grand-averaged ERPs from the four midline electrodes (Fz, Cz, Pz, and Oz) for each stimulus type. The mean amplitude for 300 to 400 ms and 500 to 700 ms after the stimulus onset was measured as the amplitudes of N2 and P3, respectively. N2 amplitude. Fig. 2(a) shows the N2 amplitude data from each infrequent stimulus (positive and negative words) as a function of the four midline electrodes. The data were assessed with a 2 (word meaning: positive and negative) × 4 (electrode: Fz, Cz, Pz, and Oz) ANOVA. A significant main effect of word meaning was found, F(1, 19) = 6.33, p < .05. Moreover, the interaction between word meaning and electrode was also significant, F(3, 57) = 3.79, p < .05. Post-hoc Bonferroni multiple comparisons of the interaction revealed that the N2 amplitude was larger for negative words than for positive words at Fz, Cz (ps < .01), and Pz (p = .05) but not at Oz (p = .14). As predicted, negative stimuli were more likely than positive stimuli to elicit an expectation mismatch. Note: Negativity bias (N2) was computed by subtracting the mean N2 amplitude at Cz for positive stimuli from that for negative stimuli (range: 300-400 ms). Negativity bias (P3) was computed by subtracting the mean P3 amplitude at Pz for positive stimuli from that for negative stimuli (range: 500-700 ms). ** p < .01, * p < .05, + p < .06
ERP data
P3 amplitude. Fig. 2(b) shows the P3 amplitude data from each infrequent stimulus (positive and negative words) as a function of four midline electrodes. A 2 × 4 ANOVA found that only the main effect of the electrode was significant, F(3, 57) = 16.50, p < .01. Post-hoc Bonferroni multiple comparisons of the electrode effect revealed that the P3 amplitude was larger at Pz than at Fz, Cz, and Oz (ps < .01), and larger at Cz than at Fz (p < .01).
Correlations with self-reported measurements. The negativity bias was computed by subtracting the N2 amplitude at Cz for positive stimuli from that for negative stimuli. Alternatively, it was computed by subtracting the P3 amplitude at Pz for positive stimuli from that for negative stimuli. Correlations among negativity bias indexes and selfreported measurements are shown in Table 1 . Negativity bias at N2 was significantly, negatively correlated with self-esteem (r = -.51, p < .05), self-relatedness to positive words (r = -.45, p < .05), and positive emotions experienced (r = -.60, p < .01), as shown in Fig. 3(a) , 3(b), and 3(c), respectively. Moreover, it was positively correlated with negative emotions experienced (r = .43, p < .06, see Fig. 3[d] ). As predicted, the difference in N2 amplitude between positive and negative stimuli became larger as positive motivations measured by self-esteem, self-relatedness to positive trait words, and frequency of positive emotions in daily life increased. Moreover, this difference became smaller as frequency of negative emotions in daily life increased. Furthermore, because these self-reported measurements were loaded on a single factor, we computed the mean scores of these self-reported measurements and found a significantly negative correlation between the scores and negativity bias at N2 (r = -.56, p < .05) 1 . In contrast, no correlation with the negativity bias at P3 was significant (self-esteem: r = -.29, selfrelatedness to positive words: r = -.08, positive emotions: r = -.27, and negative emotions: r = .15).
DISCUSSION
The current study examined whether high self-esteem would increase spontaneous attention to positive information and influence negativity bias in emotional processing, by measuring physiological activity. Using the oddball paradigm, we found that negative words elicited larger N2 amplitudes than did positive words and that this tendency became more extreme as self-esteem, self-relatedness to positive trait words, and frequency of positive emotions in daily life increased. Because N2 is thought to be elicited by the mismatch between one's expectation and the stimuli presented, the results suggest that individuals with higher self-esteem, self-relatedness to positive trait words, and frequency of positive emotions in daily life are more likely to detect an inconsistency between their generally positive feelings and beliefs in possessing desirable attributes and the negative information presented, as compared to when positive information is presented, resulting in larger differences in N2 amplitude between the emotional stimuli. To our knowledge, this study using ERP offers the first evidence that people with high self-esteem generally tend to attune automatically to positive emotion. Previous studies have suggested that N2 amplitude is also an index of familiarity, particularly with self-referential things. Larger N2 is thus elicited in response to a participant's own name (Zhao, Wu, Zimmer, & Fu, 2011) . It seems that their findings contradict the current findings showing larger N2 for negative trait words, which should be more unfamiliar to people with high self-esteem than positive trait words. However, there are some discrepancies between the two studies. In Zhao et al. (2011) , the participant's own name was presented as a distracter, i.e., an infrequent event but not a target in the oddball sequence, whereas the eliciting stimulus in the current study was an infrequent target. In addition, their larger N2 was followed by a larger P3, while there was no effect on P3 amplitude in the current study. Due to these differences, it is difficult to directly link the current findings with those of Zhao et al. (2011) . Nevertheless, a unified interpretation applies to both studies. Zhao et al. (2011) discussed their larger N2 as reflecting automatic attentional capture caused by high stimulus saliency of the participant's own name. The larger N2 obtained in this study also reflects the attentional capture caused by the mismatch. Moreover, people reported positive emotions more frequently and negative emotions less frequently as their self-esteem increased. Thus, people with higher self-esteem feel more pleasant in daily lives than those with lower self-esteem. This is consistent with previous studies showing a strong correlation between self-esteem and happiness (Baumeister et al., 2003; Diener & Diener, 1995) . The present research suggests that the mindset associated with positive feelings and thinking, which people with high selfesteem are likely to unconsciously endorse, underlies a person's mental well-being.
The present study has a few limitations. The behavioral measure (response time) yielded no significant result for the negativity bias. Because response time is necessarily marked by the participant's overt response to the stimulus, the effects of some unknown factors might be included between the time when greater attention was spontaneously paid to negative than to positive information and the time when a response was eventually made about the meaning of the stimulus word. This suggests that the electrophysiological responses of the brain provided a better measure of spontaneous attention to positive and negative information.
Another limitation is that no negativity bias is found at P3. There may be four reasons for this result. First, previous findings have indicated that valence effects on P3 in the oddball paradigm are associated with arousal level . Thus, the lack of negativity bias at P3 would be due to a set of stimuli being manipulated so that positive and negative trait words were similar in arousal. Second, failure to find a negativity bias at P3 might be because of the use of different types of stimuli in previous studies with the oddball paradigm. Whereas emotional pictures from the International Affective Picture System (Lang, Bradley, & Cuthbert, 1999) were typically used in previous studies, positive and negative trait words were used in the current study. Compared with emotional pictures, positive and negative trait words might arouse lesser emotion, which might cause somewhat smaller effects at P3 in the oddball paradigm regardless of emotional valence, consequently causing the negativity bias to vanish. Third, given a previous study demonstrating a negativity bias in a later latency range (650-800 ms) through a self-reference judgment for positive and negative trait words (Luo, Huang, Chen, Jackson, & Wei, 2010) , an evaluative judgment of infrequently presented positive and negative trait words, adopted by the current study, may not be a suitable way for detecting a negativity bias at P3. Finally, the failure to observe the negativity bias at P3 might also be due to the fact that no neutral trait words were used as either the standard stimuli or the target stimuli in this study. Therefore, difficulties to evaluate the affective modulation of P3 amplitude are likely. In particular, easily distinguishing emotional words from words related to plants, based on categorical differences, are likely to mask potential differences between positive and negative stimuli in the extent to which P3 amplitude is elicited.
It is an empirical question whether the current findings in a culture like Japan, where positive self-regard is relatively less valued, can be applied to individuals from cultures where positive self-regard is highly valued (Heine, Lehman, Markus, & Kitayama, 1999) . Indeed, Diener and Diener (1995) reported that self-esteem is less strongly correlated with happiness in collectivistic cultures (e.g., Japan) than individualistic cultures (e.g., North America). The current findings suggest that although self-esteem has an effect on negativity bias in electrophysiological responses within each of the cultures, the effect of self-esteem is higher in Americans, whose self-esteem is generally high, than in Japanese, whose self-esteem is generally low. Future research can address these issues and related possibilities.
